###### Strengths and limitations of this study

-   The design of a user-centred technological solution is adapted to the needs of patients with chronic diseases and their literacy level.

-   The inclusion of informal caregivers in the use of CONCERTO+ is a novelty.

-   The pilot test will provide data for feasibility, acceptability and usefulness of CONCERTO+.

-   Good potential for sustainability given that it will be implemented in the real context of primary care practice with the collaboration of clinical teams.

-   As a limitation, this project seems ambitious for its entire achievement in 2 years.

Introduction {#s1}
============

Background {#s1a}
----------

Chronic diseases are the number one cause of mortality in the world and account for nearly 70% of deaths.[@R1] In Canada and around the world, multimorbidity, which means people who have more than two chronic diseases, is increasing.[@R2] In addition to often making life more difficult for people living with these conditions, the rise in multimorbidity is putting pressure on the Canadian healthcare system and causing overuse of care and services.[@R3] In the province of Quebec, 45% of people aged 20 and over have more than two chronic diseases,[@R4] and 80% of chronic disease consultations are done in primary healthcare services.[@R5] Multimorbidity increases care needs as well as the complexity of healthcare services required in primary care, especially when it comes to applying recommendations for good clinical practices.[@R5] The total cost of the six most common chronic diseases in Quebec (ischaemic heart disease, cerebrovascular disease, chronic obstructive pulmonary disease, cancer, hypertension and diabetes) has been estimated at \$C8.1 billion, and this may rise up to \$C13 in 2030 if no substantial change is made.[@R6]

In Quebec, primary care services have the main responsibility to support people with chronic diseases and their informal caregivers, jointly with other stakeholders of the local health network.[@R7] However, primary care services suffer from many challenges and organisational constraints, in particular, the difficulty of access---with a large proportion of Quebeckers without a family doctor---and the wait times that are among the longest in Canada.[@R9] Furthermore, the fragmentation of healthcare processes and the gaps in information transfer are recognised sources of inefficiency that make critical the integration and continuity of care for chronic diseases.[@R7] To overcome these issues, many approaches linking healthcare providers, patients, caregivers and the organisation of healthcare services are promoted.[@R12] The central role of patients in the management of their disease, which depends on their active involvement, is recognised as a key component in chronic disease management.[@R13]

Active patient involvement requires that patients have the knowledge, skills and self-confidence to manage their health and healthcare.[@R14] Various studies have shown that interventions increasing patient activation level are associated with better health outcomes[@R15] and decreased costs.[@R23] However, active patient involvement and the quality of the interactions with health providers will partially depend on patient's knowledge of the disease and the needed care, in addition to their interpersonal skills as well as their ability to communicate their expectations, needs and preferences to their healthcare team.[@R24] It is, therefore, important to offer patients and caregivers relevant information adapted to their health literacy level. According the following definition, 'Health literacy is linked to literacy and entails people's knowledge, motivation and competences to access, understand, appraise and apply health information in order to make judgements and take decisions in everyday life concerning healthcare, disease prevention and health promotion to maintain or improve quality of life during the life course'.[@R26] For their part, health professionals must also have the communicational and interpersonal skills required to work in a team and share information appropriately with patients in order to support their active involvement.[@R24] Thus, it becomes important to act in advance by supporting patients' autonomy and involvement in the care dynamic, and by promoting informational and educational relationships in disease management.[@R25] Therefore, it is crucial that information and educational tools are adapted to patients and caregivers in terms of literacy level and presentation.[@R28]

eHealth technologies offer a potential to support chronic disease management. Some studies have shown positive effects on clinical processes (better adherence to care protocols, reduced errors and improved monitoring and callback rates), on quality of care and effectiveness, and on patient outcomes.[@R31]

Systematic reviews support the role of electronic personal health records and electronic portals allowing patient access to their health records in order to promote their active participation in their care.[@R37] However, to achieve expected outcomes, eHealth technologies should first be adopted and used in an appropriate manner by patients and health professionals.[@R40] Therefore, end-user involvement in the development of eHealth solutions is an imperative.[@R41] Moreover, eHealth literacy, which is inspired by the health literacy concept but focuses specifically on optimal eHealth solutions use, should be considered in order to ensure that the solutions are adapted to the capabilities of targeted users.[@R30] While the number of eHealth solutions continues to increase, with more than 325 000 mobile health applications in 2017,[@R43] the majority of them (53%) are used by less than 5000 people and are often abandoned after a short trial period.[@R44] User involvement---including patients, informal caregivers and health professionals--- is identified to be among the conditions to ensure that eHealth solutions have a real impact. Thus, all these stakeholders must be involved throughout the different stages of technology development, from conception to assessment.[@R47] Based on efficient chronic care models, high-potential technologies and patient involvement as active partner of their care, we suggest to develop an innovative and mobilising project in order to improve patient care and experience.

Methods and analysis {#s2}
====================

The following methods adhere to the Standard Protocol Items: Recommendations for Interventional Trials guidelines for the reporting of study protocols.

This project is a collaborative work involving IT developers from Concerto Health Program (CHP), designers, clinicians, technological partners and patient representatives. The aim is to develop, implement and evaluate a module of a multifunctional and personalised eHealth platform, CONCERTO+, through a pilot study for optimising patient active role in medical follow-up, decision-making, satisfaction towards healthcare services and quality of life. The specific objectives are to: (1) develop a module of a multifunctional and personalised eHealth platform integrated to the CHP for patients and caregivers allowing them to engage in the follow-up and management of their chronic diseases; (2) test the integration of CONCERTO+ in monitoring care pathways of three frequent coexisting chronic diseases (diabetes, hypertension, dyslipidaemia) and assess the usefulness and acceptability of the solution for patients with chronic diseases and their caregivers and (3) assess the scalability of the CONCERTO+ solution.

Phase 1: development of the eHealth solution module {#s2a}
---------------------------------------------------

We will conduct a rapid literature review on the effects of eHealth interventions for supporting active involvement of patients with chronic diseases in their primary care team. For this purpose, we will follow the rapid review method suggested by Lawani *et al* [@R48] and consider the latest evidence on eHealth interventions for chronic diseases monitoring and care. We will consider the following 'Problem, Intervention, Comparison, Outcomes' elements: (P): three targeted chronic diseases (diabetes, high blood pressure, dyslipidaemia), alone or combined; (I) all eHealth interventions implemented in primary care and that directly involve patients (eg, electronic medical records (EMRs), patient diary, patient portal, specific computerised monitoring for a chronic disease and technological interventions focused on lifestyle modifications; (C): routine follow-up; (O): health outcomes specific to the disease (eg, glycosylated hemoglobin (HbA1c) for diabetes), generic health outcomes (eg, mortality, quality of life), patient outcomes (eg, involvement, personal efficacy) and practices and process outcomes (eg, test numbers, emergency visits, hospitalisations). First, we will start to consult existing systematic reviews, in particular, that of Irizarry *et al*,[@R38] and a review of reviews that we have already completed.[@R49] We will also document issues relating to needs, expectations and concerns in terms of eHealth solutions for patients, their informal caregivers and healthcare providers. This information will provide evidence summaries describing each eHealth solution associated with each targeted health issues, as well as information on the risks and benefits of these solutions. We will then use the methods suggested by Giguere *et al* [@R50] to develop decision boxes to involve patients and their informal caregivers in the choice of functionalities and contents to develop in the CONCERTO+ solution, in line with an integrated care system ([figure 1](#F1){ref-type="fig"}).

![Embedded healthcare system.](bmjopen-2018-028554f01){#F1}

A first prototype will be developed by the design and technology teams, in close collaboration with researchers, health professionals and patient representatives who will identify the functionalities to include in the CONCERTO+ solution. Given the time limit of the project, we will classify the required functionalities in three types: (1) essential and priority, (2) important but not priority and (3) required in the future.

For the development of the eHealth platform module, a user-centred approach will be used, based on three cycles with users. Iterative testing sessions will take place at the usability laboratory of Université Laval (UL) lead by HOW, providing all the equipment needed to conduct usability studies. Students in graphical and interaction design, under the direction of three experts from the School of Design of UL (EK, FLép, JR), will participate in the development of the platform's visual environment. An expert in eHealth literacy (CD) will ensure that contents of the clinical monitoring tools already integrated in the CHP are adapted to a general audience according to recommendations of the health literacy guide,[@R51] in addition of tools that provide understandable information (eg, link to a popular glossary of medical terms: <https://publications.santemontreal.qc.ca/uploads/tx_asssmpublications/litteratie_v9.pdf>).

The integration of the CONCERTO+ solution with the CHP will be ensured by the Concerto Health Group team who will work closely with the designers and researchers. Health professionals in primary care services from the sites participating in the pilot project will also be consulted to validate the match between the CONCERTO+ solution and care pathways for professionals offered by the CHP.

Patient and public involvement {#s2b}
------------------------------

A patient partner (informal caregiver) is involved as research partner at key stages of the study. His experience in caring of a patient with diabetes informed us on needs of patients, research focus, methods for collecting data for the study and dissemination strategy through patient and citizen groups associations.

Our patient partner is invited at each research team meeting to make sure that the research questions are aligned with patients' needs. He gives his input in refining the focus of the research questions. He made valuable contributions in the design of the study.

In the first step of the study, the development of the first prototype, our patient partner helped us to recruit patients by sharing the invitation through his personal contacts and network and gave feedback for the positive and negative points cons of the prototype development. He was also invited to contribute in editing the paper and is considered as a coauthor.

To develop our dissemination strategy, we will review the results with the patient partner and integrate his feedback to ensure that we presented the results in the most effective way for the general populations. We will send a summary of the research results to study participants who have provided their mailing address in the consent form and we will also organise events for patients and citizen groups and associations, such as outreach communications and scientific café.

In this study, participants will assess the burden of the intervention by participating in focus groups.

Phase 2: pilot cluster randomised controlled trial {#s2c}
--------------------------------------------------

The phase 2 of the project will consist of a feasibility study based on a pilot cluster randomised controlled trial (c-RCT). Given the nature of the intervention, patients with chronic diseases are followed by a small team of primary care clinicians.

Study setting {#s2d}
-------------

The study will be conducted in two family medicine groups (FMGs) from the same health region (in the province of Quebec) but covering distinct areas, they have been selected as the clusters.

Eligibility criteria {#s2e}
--------------------

Patients with two or more targeted chronic diseases (diabetes, hypertension, dyslipidaemia) and who had three or more visits in the last 12 months will be eligible. Adults whose legal incompetence has been established by a court are not eligible.

Intervention {#s2f}
------------

The intervention is the device CONCERTO+, a user-centred, multifunctional and personalised eHealth platform. Both groups, experimental and control, have the same criteria with respect to participant eligibility. Experimental group from FMG 1 will use CONCERTO+ application during 6 months. Control group from FMG 2 will not use the application CONCERTO+ but continue to receive usual care. The objective is to assess the feasibility, acceptability and potential effectiveness of the device CONCERTO+.

Outcomes {#s2g}
--------

Patient involvement in their care following the use of CONCERTO+ will be our primary outcome of interest. We will use Patient Activation Measure (PAM)[@R52] which is built on patient knowledge, skills and confidence that are directly targeted by the intervention.

The score of the activation level obtained (between 0 and 100) shows the degree of ability to manage their health with confidence according to the following scale ranges: strongly disagree=1; disagree=2; agree=3; strongly agree=4. Patients with a higher activation level are likely to have better health outcomes. Patients answer to a survey of 13 questions with the following scoring for each answer:Not believing that activation is important (≤47).Lack of knowledge or confidence to take action (47.1--55.1).Beginning to take action (55.2--67).Taking action (≥67.1).

The PAM 13 questionnaire has been validated in French. We will ask a licence to use, which is free for up to 250 patients in an academic research context.[@R53] The survey will be completed by participants of the two groups at baseline and 6 months later. This period of CONCERTO+ use is enough to achieve the intended outcomes.

Secondary outcomes of interest are: (1) Impacts of CONCERTO+ use on process indicators and care outcomes, measured with questions adapted from Glasgow *et al* [@R54] and validated in the previous CHP assessment. To measure these outcomes, patients will answer to a questionnaire after 6 months use of CONCERTO+. This questionnaire comprises five scales based on the key components of CONCERTO+ and covering the following dimensions: solving-problems/advices, delivery system design/decision support, goal setting/tailoring, follow-up/coordination, overall care. Items are scored on a 5-point scale with the following values: (1) (almost never); (2) (generally not); (3) (sometimes); (4) (most of the time); (5) (almost always). For each scale, higher scores are expected to be associated with better care outcomes.

(2) The acceptability of the device CONCERTO+ will be assessed by patients and informal caregivers, at the end of the intervention with:A short survey adapted from the technology acceptance model[@R55] that includes three criteria (perceived ease of use, perceived usefulness, behavioural intention to use) with the following scoring: strongly disagree=1; disagree=2; agree=3; strongly agree=4. Higher scores indicate a better acceptance of the use of CONCERTO+.The use of CONCERTO+ that will be measured by logs (numbers of tests ordered, emergency visits and hospitalisations) (see online [supplementary files 1 and 2](#SP1){ref-type="supplementary-material"}). 10.1136/bmjopen-2018-028554.supp1Supplementary file 1

Participant timeline {#s2h}
--------------------

[Table 1](#T1){ref-type="table"} shows the distribution of outcomes measures through time. The first survey will be completed at baseline and 6 months after the use of CONCERTO+, in order to see the effects of the use of CONCERTO+ during the process of care. The second survey will be completed 6 months after in order to assess the effects of the use of CONCERTO+, and the third survey will be completed by patients and informal caregivers after the intervention in order to assess its acceptability.

###### 

Distribution of outcomes measures through time

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                        Study period                                                                                                    
  ------------------------------------- ------------------------------------------------------- --------------- --------------------------------------- ---------------------------------------------------------
  Time point                            -T1                                                     T1\             T2\                                     T3\
                                                                                                (at baseline)   (6 months after the use of CONCERTO+)   (During 3 months following the end of the intervention)

                                        EnrolmentEligibility screenInformed consentAllocation                                                           

  Intervention group                    ✓                                                       ✓               ✓                                       ✓

  Usual care group                      ✓                                                                                                               

  Assessments\                                                                                  ✓               ✓                                       
  Main outcome measure:\                                                                                                                                
  Patient Activation Measure measure                                                                                                                    

  Secondary outcome measure:\                                                                                   ✓                                       
  Survey adapted from Glasgow *et al*                                                                                                                   

  Technology acceptance model                                                                                   ✓                                       

  Logs measures                                                                                                 ✓                                       

  Focus groups                                                                                                                                          ✓

  Interviews                                                                                                                                            ✓
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sample size calculation {#s2i}
-----------------------

Based on a similar study,[@R56] a sample of 200 patients is enough to detect a difference of 2 points on the PAM score, with a power of 90% and an alpha of 0.05. Indeed, the assessment of online education intervention to patients with chronic disease showed a significant difference of 6 points on the PAM score in the experimental group (n=58), whereas the difference was not significant in the control group (n=68).[@R56] Such a difference may be considered clinically significant because each additional point on the PAM score is associated with a 2% decrease in hospitalisations.[@R53] Considering an attrition rate of 15%, the sample size should remain relevant to detect a difference of at least 2 points on the PAM score, as differences reported in similar studies range from 2.5 to 6.5 points.[@R14]

Recruitment strategy {#s2j}
--------------------

For the phase 1, the development of the eHealth solution module, we will recruit 7--10 patients and informal caregivers from convenience samples of volunteers joined through patient associations and mailing lists of our institution (UL). Eligible individuals will meet the following criteria: (1) have one or more targeted chronic diseases (diabetes, hypertension, dyslipidaemia); (2) had three or more medical visits in the last 12 months; (3) are 18 years old and over; (4) reside in the greater Québec area; (5) have an interest in technology; (6) are able to speak and read in French and (7) are available to participate in three validation sessions.

For the phase 2, the pilot c-RCT, a note will be added in the EMR of patients who had been preselected, and at their next visit at the FMG, the receptionist will give them an information sheet about the study to invite them to participate. Interested patients will be invited to call the research assistant using a toll-free number or to leave their contact information to the receptionist who will forward them to the research assistant. Then, patients will be contacted by the research assistant to validate their eligibility and confirm their interest. Recruitment will end when 100 patients are recruited from each site. We will ensure an equal distribution of participants according to their sex, and we will consider specific aspects of patient recruitment, particularly living alone, the presence of dependents and their literacy level. The recruitment chart is presented in [figure 2](#F2){ref-type="fig"}.

![Recruitment flow chart. CHP, Concerto Health Program; FMG, Family Medicine Group.](bmjopen-2018-028554f02){#F2}

Allocation {#s2k}
----------

The patient will be selected randomly with the help of the participating FMG by searching the local EMR system. A preselection of patients will be done by the four nurses involved in chronic disease care at the participating FMG. For each site, a sample of 200 patients (see sample size calculation) stratified by sex, age group and a number of chronic diseases, will be randomly preselected by a statistician not involved in the team, using a computerised programme. Then, the statistician will reveal group assignment through a call to the responsible of each FMG in the presence of a research team member.

Blinding {#s2l}
--------

Given the nature of the intervention, participating patients and healthcare providers cannot be blinded, but the outcome assessor will be blinded to participant assignment.

### Phase 3: scaling-Up Potential of the Solution {#s2l1}

For phase 3, the analysis of CONCERTO+ potential for scaling-up will be done by documenting factors and conditions associated with the sustainability and scaling-up of the solution. To do so, we will conduct: (1) two focus groups with patients and informal caregivers who participated in the study (one with the experimental group and one with the control group, each group gathering between 8 and 12 participants); (2) semistructured individual interviews with health professionals as well as with healthcare managers, information officers and representatives of the Ministry of Health and Social Services will be conducted at the two study sites two FMG of one region in the province of Quebec). The number of interviews will be determined according to the data saturation principle, but is estimated to be around 15 participants in total. Interviews with patients, informal caregivers and health professionals will include questions about factors facilitating or limiting sustained use of the CONCERTO+ solution by patients and informal caregivers, and the support of this use by health professionals, inspired by a recent study on personal electronic health record.[@R57] Questions for managers and decision-makers will be based on ExpandNet framework[@R59] that proposes 12 elements helping to appreciate the potential of innovation expansion at different time of its progress (see online [supplementary files 3 and 4](#SP1){ref-type="supplementary-material"}).

Data analysis plan {#s2m}
------------------

The study started in 2017 and will end in 2019. Data will be collected managed and analysed at each step of the project. For the phase 1, we started to collect data in October 2018; for the phase 2, we will start in April 2019 and the phase 3 will start in November 2019. We will ensure that surveys are correctly completed in order to avoid many missing data. Quantitative data will be analysed using standard statistical tests such as analysis of variance. We will compare the scores for repeated measurements between the two groups, controlling for the initial PAM score. We will also make tests according to sex, literacy level and comorbidity because these variables are associated with the PAM score.[@R60] Focus groups discussions and interviews will be recorded with participants' consent, and the content will be transcribed verbatim. The qualitative analysis will consist of a thematic-pragmatic content analysis[@R61] using the NVivo V.10 software. We will use an inductive--deductive analysis, in an iteratively and flexible way, which allows a hybrid codification from the conceptual dimensions of the model and the emergent themes.[@R62] We will verify the role of the identified dimension in the literature as the initial basis for analysis, while remaining open to the advent of other context-specific aspects. Findings from qualitative analyses will be triangulated with quantitative data to see commonalities among participants' characteristics. We will compare intervention and control groups to judge the potential effectiveness of CONCERTO+ using process and care outcomes, and these results will inform the relevance of conducting a definitive trial to assess the effectiveness of CONCERTO+ for improving health outcomes. Participants will also be asked about the usefulness of the CONCERTO+ solution in supporting their disease self-management.

Monitoring {#s2n}
----------

A data monitoring committee is not required for this study due to low risk of adverse events. The principal investigator has the authority to suspend or terminate the study at any time if any major problem occurs.

Ethics and dissemination {#s2o}
------------------------

This study received ethical approval from the Research Ethics Committee of Université Laval; approval number: 2018--067/01--06--2018 with all protocol modifications being mandatory to report (see online [supplementary files 5 and 6](#SP1){ref-type="supplementary-material"}). All participants will provide their informed consent following a procedure approved by the ethics board (see online [supplementary files 7--9](#SP1){ref-type="supplementary-material"}) before enrolment in the study. All data will be anonymised and will be used only for statistical research and analysis. They will be securely stored on the server of Canadian Research Chair on Technologies and Practices in Health, we will never share it with third parties. Only the principal investigator, the research coordinator and eventually students who work on the project will have access to the list of participants in the different phases of the project. Data from EMR will be also anonymised by a medical secretary or a research assistant who will sign a confidentiality agreement. In addition, all team members will sign a confidentiality agreement so that any personal information of participants will not be shared.

In keeping with our participative approach and inspired by frameworks of collaboration between researchers and knowledge users,[@R63] knowledge translation will be done in an integrated way throughout the project, with an emphasis on collaboration, shared outcomes and feedback from stakeholders at each step of the research. We will also share the outcomes through presentations in the networks and organisations of the team members, and through the production of dissemination tools for patient and citizen groups and associations. Ideally, these presentations will be done in tandem (patient-researcher; patient-clinician) in an interactive way, by taking the time for discussion and exchanges with the audience (eg, lunch and learn, scientific café). The presentations will be supported with materials (brief reports, narrated slideshows, etc) allowing a greater dissemination of the activities and outcomes. Knowledge translation activities at the end of project will consist of publishing outcomes in open access peer-reviewed journals. Presentations at national and international conferences in health informatics, chronic diseases and patient engagement are also scheduled.

Study status {#s2p}
------------

This is an ongoing study taking place from December 2017 to December 2019. At the time of writing, the prototype of the eHealth technology module was designed and the first usability test was done.

Discussion {#s3}
==========

This project shows a potential of success through the involvement of the technological partner who has a long collaborative experience with researchers. The eHealth solution is also likely to be acceptable because it will be adapted to patient's needs, based on our user-centred approach and the adaptation of the content to users' literacy level. Previous results associated with the use of the CHP solution for clinicians show promising preliminary outcomes based on validated measures that are relevant and sensitive to the proposed intervention. The solution has also a good potential for sustainability given that it will be implemented in the real context of primary care practice, with the collaboration of clinical teams. Finally, the project team is engaged in disseminating the results and pursuing the development and adaptation of the CONCERTO+ solution in order to contribute to improving the health of people in Canada and internationally.

Protocol version {#s3a}
----------------

Version 1 (November 15 th 2018).
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